Manual Spectrophotometric and Fluorometric Determination of Tocopherol in Cerebrospinal Fluid
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Methods are reported for the manual spectrophotometric or fluorometric estimation of tocopherol in human cerebrospinal fluid. The fluid is centrifuged, an equal volume of ethanol is added, and the tocopherol is extracted with hexane, which is then used for the direct estimation by fluorometry. The fluorescence of tocopherol is significantly affected by the proportion of ethanol in the hexane solvent. The standards used for comparison should therefore be dissolved in hexane that had been previously equilibrated with twice its volume of ethanol:water (1:1 by vol). For spectrophotometry, the original hexane extract is dried at 40#{176}C under reduced pressure, the residue dissolved in hexane, and color developed by adding bathophenanthroline, ferric chloride, and orthophosphoric acid. The color is measured at 536 nm. Concentrations of tocopherol in the spinal fluid samples analyzed so far ranged from 40 to 210 Lg/ liter.
Analytical methods for the estimation of tocopherol have been reported previously by many investigators. However, a method for estimating tocopherol in human cerebrospinal fluid has not yet been published. Because the concentration of tocopherol in spinal fluid is much lower than in the serum, a sensitive procedure for estimation has to be adapted for routine use.
This report describes a method for the spectrophotometric assay of tocopherol in biological fluids such as spinal fluid. It involves extraction of tocopherol by hexane, concentration of the extract by evaporation under reduced pressure, and finally the colorimetric determination of tocopherol in the concentrate by the classical Emmerie-Engel method (1, 2) as modified by Tsen (3) and Fabianek et al. (4) .
A fluorometric method of assay was considered also to be desirable, because fluorescence techniques offer high sensitivity.
Spectrofluorometric methods for the determination of tocopherol in body fluids such as blood have been reported by Duggan (5) , and later modified for routine clinical use by Hansen and Warwick (6) . The present report describes adaptation of this method for determination of tocopherol in cerebrospinal fluid. Results of a comparison between the fluorometric and spectrophotometric techniques are also presented.
Materials and Methods Apparatus
An Aminco-Bowman Spectrofluorometer equipped with a xenon arc lamp was used.
A Beckman spectrophotometer fitted with a micro attachment and 2-mm quartz cells was also used. The micro attachment and the construction of the pinhole arrangement used were as described by Lowry and Bessey (7).
Chemicals and Reagents
Ethanol.
Dehydrated alcohol, AR grade (U. S. Industrial Chemicals Co., Tuscola, Ill.) was distilled over pellets of potassium hydroxide.
Hexane.
"Nanograde" hexane was purchased from Mallinckrodt Chemical Works, St. Louis, Mo. 63160.
Alpha tocopherol stock solution.
Alpha tocopherol (20 mg) from Eastman
Organic Chemicals, Rochester, N. Y. 14650, was dissolved in 100 ml of purified ethanol. This is stored in the refrigerator and suitable dilutions are made as necessary.
Reagents for the spectrophotometric determination of tocopherol were prepared according to the procedure of Fabianek et al. (4) .
Recommended Procedure
A. Fluorometric method:
All glassware is cleaned in a solution of equal parts of water and concentrated nitric acid. It is then rinsed with tap water, distilled water, and acetone, and stored. Before use it is rinsed twice with distilled ethanol.
Upon arrival in the laboratory, spinal fluid is routinely centrifuged at 3000 rpm for 20 mm and kept frozen for not longer than two weeks. Five milliliters of spinal fluid is pipetted into a centrifuge tube, followed by 5 ml of absolute ethanol. The contents of the tube are mixed briefly. Five milliliters of hexane is then pipetted into the tube and the contents mixed with a vortex-type mixer for 1-2 mm. After centrifugation, the tocopherol in the hexane extract is fluorometrically estimated, with use of an excitation wavelength of 295 nm and an emission wavelength of 340 nm. The standard curve used for calculation is prepared by dissolving tocopherol in hexane that had been previously equilibrated for 1 h with twice its volume of ethanol: water (1:1, by vol) .
B. Spectrophoto metric method:
Five milliliters of the centrifuged spinal fluid is pipetted into a tube. Ethanol (5 ml) is then added and after mixing for 30 s 5 ml of hexane is added. The tube is vortex-mixed for 60 s and briefly centrifuged to separate the phases. The hexane phase is pipetted out (using disposable transfer pipets) and 4 ml from it dried in a rotary evaporator at 40#{176}C with a vacuum pump. The residue in the test tube is dissolved in 200 Ml of hexane and tocopherol is estimated according to the method of Fabianek at al. (4) .
Results
The fluorescence intensity of alpha tocopherol was found to depend on the solvent used. This was investigated as follows. Solutions of tocopherol (0.05 to 5 mg per liter) were prepared in hexane containing various amounts of distilled ethanol. The fluorescence intensity of each solution was measured and the results are shown in graphical form in Figure 1 .
The stability of tocopherol in human spinal fluid was investigated under various usual laboratory storage conditions such as freezing and refrigerating. We found that the compound was stable for as long as two weeks in the frozen state.
The method was subjected to various standard testing procedures.
Known amounts of tocopherol were added to a pooled sample of spinal fluid and the recoveries were estimated.
The results are given in Table 1 . Similar recoveries were obtained when the standards were added to an isotonic saline solution or to a serum solution diluted 100-fold, with isotonic saline as the diluent.
The reproducibility of the method was also checked. Several spinal fluid samples were pooled and this pooled sample was assayed for tocopherol. The results are given in Table 2 .
In order to obtain information on the accuracy of the methods several samples of human spinal fluid were analyzed by the fluorometric method and the results compared with those obtained from analysis by spectrophotometry.
The results are shown in Table 3 . A few representative values for concentrations of tocopherol in spinal fluid of patients hospi- Table 4 .
Discussion
The spectrophotometric and fluorometric methods provide rapid, simple ways of estimating tocopherol in spinal fluid. The results of the standard additionrecovery experiment indicate that essentially no loss of tocopherol occurs at either the extraction step or the concenttation step. In the design of the protocol for the colorimetric method, the technique in which bathophenanthroline is used as the color developing agent instead of 2,2'-bipyridine was chosen for the following reasons: (a) The interference from vitamin A is eliminated through the use of orthophosphoric acid. (b) The color reaction is more stable when bathophenanthroline is used. (c) The procedure in which bathophenanthroline is used is more sensitive than that with bipyridine.
Changes in the molecular environment caused by alterations in pH, solvent, concentration, and temperature are known to affect the fluorescence property of a compound.
Both the intensity and the wavelength of fluorescence can be a function of the sol- 
